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Abstract— It is believed that feedstock for biofuel production should not constitute any form of competition in terms of food security, 
therefore the study considered the bioethanol potential comparison of a particular breed of palm commonly referred to as nypa palm (Nypa 
fruticana) which is usually of environmental concern in mangrove vegetation zones with two other species namely the raphia palm (Raphia 
hookeria) and oil palm (Ealasis guinesis) which are considered as having economic value. A catalysed fermentation process was carried 
out using Saccharomyces cerevisiae over periods of 24, 48, 72, 96, 120, 144 and 168 hrs at room temperature. At peak production the 
bioethanol from Nypa palm specie had 38.6 and 37.9% more ethanol concentration than the oil and raffia palms respectively. The biomas 
concentration in the nypa palm sap sample after the fermentation period were about 26.7 and 29.5%  higher than what was obtainable in 
the oil and raffia palms.  The fermentation efficiency for the three samples was observed to be 90.2, 84.5 and 87.3% for nypa, oil and raffia 
palms respectively. It can be concluded from results obtained that nypa palm offered the highest bioethanol production potential, thus could 
offer a good source of non-competitive feedstock for renewable energy production in Nigeria where the plant is usually viewed as an 
environmental nuisance and in some extreme cases maritime hazard. 
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1 INTRODUCTION 
n recent years the increase in energy demand around 
the world as well as inherent dangers associated with 
the use of fossil fuels has served as a motivation in the 
search for alternative energy resources, especially for 
those derived from renewable materials such as biomass. 
According to Balat et al. (2008) global concern about 
climate change and the consequent need to diminish 
greenhouse gases emissions have encouraged the use of 
bioethanol as a gasoline replacement or additive. In 
simple terms bioethanol is ethanol (alcohol) that is 
derived exclusively from the fermentation of plant 
starches. Bioethanol or ethanol has been described as one 
of the most exotic synthetic oxygen–containing organic 
chemicals because of its unique combination of 
properties as a solvent, a germicide, a beverage, an 
antifreeze, a fuel, a depressant, and especially because of 
its versatility as a chemical intermediate for other 
organic chemicals (Oghome and Kamalu, 2012).  
Bioethanol is a principal fuel that can be used as a 
substitute for petrol in running of engines (Agulejika, et 
al., 2005) this is because ethanol is regarded as being 
more environmentally friendly than petrol and diesel 
since it burns more completely. Tests have also shown 
that ethanol produces about 70 % less carbon dioxide 
emissions per litre than that obtained from petrol when 
combusted. Bioethanol production is carried out 
principally through the process of fermentation which is 
generally defined as the conversion of carbohydrates to 
acids or alcohols by yeasts (e.g. Saccharomyces cerevisiae) 
under anaerobic conditions. According to Damaso et al. 
(2004), it could also be defined as a microbiological 
process for converting simple sugar into ethanol and 
carbon dioxide (CO2). 
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Several authors have investigated the processes of 
bioethanol production through fermentation of feed 
stock such as cassava and sweet potato (Oyeleke et al., 
2012), Corn, Switchgrass and Wood (Pimentel and 
Patzek, 2005), Sap of Palm Tree (Maxwell Scientific 
Organization, 2012), guinea cornhusk and millet husk 
(Oyeleke and Jibrin 2009) etc. Bioethanol production 
from palm sap involves a number of steps which include 
the collection, pre-treatment, fermentation and fractional 
distillation as shown in Figure 1. 
Botanical classification of palms reveals that they are 
monocotyledonous angiosperms which belong to the 
Arecaceae/Palmae family. According to Johnson, (1992) 
palms have six subfamilies, approximately 200 genera, 
and around 2,500–2,700 recognized species. The plant 
has also been noted to be native to tropical and 
subtropical regions from 44° north to 44° south of the 
equator (Johnson, 1998). The utilization of palm tree cell 
sap as feedstock in the production of ethanol has an 
innate advantage of not requiring any secondary 
processing before conversion occurs. Another advantage 
is in the nature of palm trees being perennial plants; this 
implies that sap extraction can be carried out all year 
round. It is also worthy of note that at maturity, palm 
trees sap can be tapped continuously for 15 to 20 years. 
In Africa different species of palm trees are found in the 
various biomes. Some of these palm species are valued 
for their food, beverage and complementary products 
(e.g. Oil palm and Raffia palm). According to Akande et 
al. (2013) Oil palm (Elaeis guineensis) and Raphia palm 
(Raphia hookeri) are popular for the commonly produced 
local drink called palm wine which produced from its 
fermented cell sap and usually contains about 4% 
alcohol by volume. These species of palm are also used 
for production of household equipment such as brooms, 
baskets, mats as well as building construction. 
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Fig. 1: Process flow chart of bio-ethanol production from palm Sap. 
 
However some other breeds (e.g. Nypa palm) may in 
some situations be regarded as constituting menace 
where it is allowed to proliferate and no substantial use 
is made of the plant. Research carried out by Maxwell 
Scientific Organisation (2012) revealed that the abundant 
quantity and supply of palm trees in forest regions of the 
Nigeria could provide the raw materials for sustainable 
production of bio-ethanol. According to Carrere (2010), 
Nigeria has an estimated land area of over 3 million 
hectares used in cultivation of palm trees. This further 
proves that the crop potential can be fully harnessed, 
especially for those species that are currently 
underutilised. 
In line with global trends the Nigerian government in 
2007 established a policy (The National Biofuels Policy 
and incentives) on bio-ethanol production which targets 
an annual production of over 150 million US dollars’ 
worth of ethanol from cassava once the infrastructure is 
put in place (Nigerian National Petroleum Corporation, 
2007). According to Galadima et al. (2011), the main 
objective of the policy was to firmly establish an ethanol 
and biodiesel industry, which will solely dependent on 
local agricultural products as feedstocks, so that the 
quality of the fossil fuels for use in automotive industries 
and other sectors could be improved. With the foregoing 
in mind the study focused on finding the effect of 
duration of fermentation on the bioethanol yield of three 
palm species namely; Raphia palm (Raphia hookeria) Oil 
palm (Ealasis guinesis) and Nypa palm (Nypa fruticana) 
with the aim of determining if the perception of Nypa 
palm as being a menace especially in mangrove biomes 
of the southern ecologies of Nigeria can be reversed.   
2 MATERIALS AND METHODS 
The materials and laboratory procedures utilised in the 
study are as outlined in the following sections. 
2.1 COLLECTION AND DETERMINATION OF SUGAR 
CONTENT OF SAMPLE 
Ten litre samples of palm sap were collected from each 
of the species of palm trees in sterile, opaque plastic 
containers and kept under ice while transporting them to 
the laboratory. The samples were kept at low 
temperature to delay fermentation process from taking 
place rapidly. The sugar content of the samples were 
determined by refractometric method at the start of the 
experiment and at intervals of 0, 24, 48, 72, 96, 120, 144 
and 168 hrs with the aid of a digital Abbe refractometer 
(Model WYA-2S). 
 
2.2 FERMENTATION OF SAMPLES 
A 300 cm3 of palm sap sample from each of the palm 
varieties were placed in seven 500cm3 conical flasks, 
autoclaved at 1210C for 15 minutes and allowed to cool. 
The samples were produced in triplicates for 0, 24, 48, 72, 
120, 144 and 168 hrs tests making a total of 63 samples 
altogether. An inoculum was prepared by adding 10 g of 
dried baker’s yeast, Saccharomyces cerevisiae, to 100 ml of 
distilled water in a beaker. A small quantity of glucose 
was added to the inoculums and the yeast was allowed 
to grow over a 24 hr period. The growth of the yeast was 
indicated by the formation of bubbles and the water 
level in the beaker was noted. The cultured yeast cells 
were then separated by centrifuging and then washed in 
distilled water. The inoculum was then added to the 
autoclaved samples and the flasks plunged with sterile 
cotton wool wrapped in aluminum foil to avoid 
contamination. The labelled triplicate samples were then 
incubated at room temperature 280C ±20C). 
2.3 DISTILLATION 
At the end of fermentation duration, the ethanol content 
in each of the samples were separated with the aid of a 
fractional distillation apparatus consisting of a round 
bottom flask, thermometer, fractionating column, 
condenser and conical flask. The alcohol distillate was 
extracted at 780C (standard temperature for ethanol 
production). 
2.4 DETERMINATION OF QUALITY AND CONCENTRATION 
OF ETHANOL PRODUCED 
The quantity of distillate collected was measured with 
the aid of a measuring cylinder and the quantity of 
ethanol produced (g/l) was calculated by multiplying the 
volume of distillate by the density of ethanol (0.8033 
g/cm3). The alcohol concentration (%) was however 
determined with the aid of an alcoholmeter (Anton Paar, 
Snap 40). 
 
2.5 DETERMINATION OF YEAST CELL MASS 
The yeast cell mass was measured by optical density 
method with the aid of a atomic absorption 
spectrophotometer (AA-6300, Shimadzu, Japan) by 
absorbance method. The absorbance was calculated with 
the aid of the mathematical relation below;  
-             
  
  
                            (1) 
where T is the transmittance, PT is power of radiation 
exiting the sample, P0 is radiation entering or incident to 
the sample. The obtained value was then related to 
Beer’s Law which states that; 
                                                        (2) 
where a is the bioethanol’s absorptivity in units of L mol-
1 cm-1),  b is the length of the light path through the 
sample (cm) and C is the bioethanol’s concentration. The 
specific growth rate of the yeast cells, was determined by 
using the Monod model (equation 3) as proposed by 
Levespiel  (2006). 
  
      
    
           (3) 
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 Where  max (g/l) is the maximum specific growth rate,  P 
(hr-1) is the concentration of P at ½  max. 
The AAS was adjusted to a wavelength of 620 nm 
and blanks placed in the equipment with the sample. A 
calibration curve was then used in obtaining the cell 
mass. Fermentation efficiency was determined with the 
aid of equations 4 as recommended by Nurul-Adela et 
al., (2014) 
                             
                  
 
   
                 
 
         
        (4) 
 
3 RESULTS AND DISCUSSION 
3.1 SUGAR CONTENT OF PALM SAP SAMPLES 
The refactrometric analysis of sugar content in the 
freshly tapped sap from the three palm species showed 
that nypa palm sap had the highest sugar content 
followed by Oil palm sap (Figure 2). 
 
 Fig. 2: Comparison of glucose concentration over time in palm sap 
samples 
 
It was however observed that the sugar content in the 
three samples reduced with time, this reduction may be 
attributed to the action of the introduced yeast cells in 
the medium. The sugar content in the nypa palm sap 
was observed to have declined sharply in the 72, 96 and 
120 hrs samples until it was below that for the oil and 
raffia palm sap samples, this observed sharp decline 
may have been due to the exponential growth in yeast 
cells resulting from abundant substrate in batch reactors 
as predicted by Blanch and Clark (1996). This 
exponential growth was observed to have occurred in 
the nypa palm sap samples at 24, 48 and 72 hrs (Figure 
3). The growth however became almost stationery for 
the 96 and 12 hrs samples. This stage the rate of death in 
of yeast cells may be assumed to be equal to the 
reproduction rate. The 144 and 168 samples of the nypa 
palm showed reduction in biomass concentration. , this 
reduction may also have been attributed to the depletion 
of one or more essential nutrients in the broth, or the 
build-up of toxic growth by-products; thus rapid 
balanced growth is no longer possible.  The exponential 
growth stage for the oil palm and raffia palm saps were 
observed in the 24 and 48 hrs samples (Figure 3) while 
the stationery stage were observed in the 72, 96 and 120 
hrs samples. This showed that yeast cells in both cell 
saps maintained balanced growth over a longer period 
than what was observed in the nypa palm sap. The 
growth reduction stages were also observed in the 144 
and 168 hrs samples for both varieties of palm saps. At 
the end of the process it was observed that the nypa 
palm 26.7 and 29.5% more biomass content than the oil 
and raffia palm samples thus indicating that the nypa 
palm sap offered a more favourable substrate for 
microbial growth and sustenance. 
 
 
Fig 3: Comparison of biomass concentration over time in palm sap 
samples 
3.2 ETHANOL YIELD AND CONCENTRATION 
The bioethanol production from the three species of 
palm was observed to have followed a similar trend of 
increasing rapidly before stabilizing. Figure 4 revealed 
that there was a noticeable increase in the ethanol 
concentration up till 120 hrs fermentation duration, after 
this time the concentration became fairly constant. The 
nypa palm was observed to have produced a peak 
ethanol concentration which was 38.6 and 37.9% more 
than what was obtainable from the oil and raffia palms 
respectively. The oil palm and raffia palm saps were 
however observed to have taken a shorter time (96 hrs) 
to achieve concentration stabilisation. This result implied 
that nypa palm sap could offer higher grade bioethanol, 
although at longer fermentation interval than what is 
obtainable with the other two species of palm.  
 
Fig 4: Comparison of Ethanol concentration over time in palm sap 
samples 
 
3.3 FERMENTATION EFFICIENCY 
The fermentation efficiency (Table 1) of the three 
varieties were observed to have increased with time 
from 24 hrs fermentation duration, however the sap 
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from nypa palm specie was observed to have exhibited 
the highest efficiency which peaked at 90.2% after 120hrs 
of fermentation, this value was then observed to have 
stabilised to 90% after 144 and 168 hrs fermentation time. 
The fermentation efficiency of the oil palm sap was 
observed to have increased consistently until it was able 
to achieve its peak fermentation efficiency of 84% after 
168 hrs incubation time, this may also be an indication of 
a more  
 
Table 1: Fermentation efficiency for palm sap varieties over time 
           Fermentation Efficiency (%) 
  
Nypa palm 
Oil  
palm 
Raffia palm 
T
im
e
 (
h
rs
) 
24 35.8 36.7 35.6 
48 54.1 56.9 57.3 
72 72.1 70.7 72.5 
96 84.1 81.5 87.3 
120 90.2 81.3 84.2 
144 90.0 81.1 83.4 
168 90.0 84.5 82.0 
4 CONCLUSION 
Results obtained from the study revealed that although 
nypa palm (Nypa fruticana) is in some quarters 
regarded as an environmental nuisance, cell sap drawn 
from it offered a higher level of bioethanol production 
potential when compared with oil and raffia palm saps 
which both have economic uses. This implies that nypa 
palm sap could offer a very cheap and environmentally 
friendly feed stock for bioethanol production since it 
does not offer any competition with food production in 
Nigeria. 
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